Little is known about gastrointestinal parasite infections in large carnivores in Africa and what is available is largely from East Africa. We collected faecal samples from nine spotted hyaenas (Crocuta crocuta), 15 lions (Panthera leo) and 13 African wild dog (Lycaon pictus) from Luangwa Valley, Zambia. The most common gastrointestinal parasites found were Isospora spp., Spirometra sp., Taeniidae and Sarcosystis spp. Twenty-eight per cent of all samples were co-infected with Spirometra sp. and Taeniidae, with co-infection rates highest among lions (67%). Thirty-three per cent (3/9) of spotted hyaenas were infected with Isospora sp. Ninety-two per cent (12/13) of wild dog were infected with Sarcocystis, similar to results from studies in South Africa. One lion was infected with a parasite whose morphology suggested Strongyloides sp., not previously been reported in lions. Samples from one lion and two spotted hyaenas yielded no gastrointestinal parasites. Overall, parasite species were consistent with those found from studies in other regions of Africa and are likely a result of ingesting infected prey. To our knowledge this study provides the most comprehensive survey of gastrointestinal parasite infection in large carnivores from this region of Africa to date and provides baseline data for future studies.
G
iven their large area requirements, inherently low densities, and susceptibility to human edge effects, large carnivore populations are in decline throughout Africa (Woodroffe & Ginsberg 1998) . However, an additional contributing factor is the influence of wildlife diseases. Some diseases, such as canine distemper and rabies, have received considerable attention (Cleaveland & Dye 1995; Kat et al. 1996; Creel & Creel 2002 ; Van de Bildt et al. 2002, among others) . However, the prevalence of macroparasite infections in large carnivores has been largely overlooked. The interaction between parasite prevalence and intensity, physiological condition, and susceptibility to disease is well demonstrated in some species (see Samuel et al. 2001 for a review), but poorly understood in large carnivores. As these species are increasingly confined to fragmented landscapes in and around protected areas, obtaining a baseline of parasite loads can assist with disease management and conservation efforts.
Parasitic infections may reduce competitive fitness (Brassard et al. 1982; Scott 1988) , influence population cycles (Hudson et al. 1998 ) and regulate host population abundance (Anderson & May 1978) . Often, parasitic infections tend to be over dispersed, to where many individual hosts have low parasite intensities and few individuals have high intensities of parasites (Scott 1988; Müller-Graf 1995; Junker et al. 2008) . Thus, many animals may maintain low levels of infection whereas few actually succumb to disease. Furthermore, some wild canids have evolved to cope with a certain level of chronic parasitic infection that has little or no adverse health effects (Kennedy-Stoskopf 2003) .
Data on internal parasite infections in large African carnivores are scant. Historically samples have been collected from captive animals (Geraghty et al. 1982; Ghoshal et al. 1988) or opportunistically from dead wild animals (LeRoux 1958; Rodgers 1974; Bwangamoi et al. 1990 ). Little information is available from live, free-ranging populations and what has been reported comes primarily from studies in East Africa (Müller-Graf 1995; Müller-Graf et al.1999; Bjork et al. 2000; Engh et al. 2003; Hüttner et al.2009 ). And while research into this topic has increased in recent years in southern Africa (Smith & Kok 2006; Flacke et al. 2010) , little is known regarding parasite prevalence from freeranging populations in much of the region. With approximately a third of its area managed for wildlife, Zambia still has viable populations of large carnivores such as lions (Panthera leo), African wild dogs (Lycaon pictus), and spotted hyaenas (Crocuta crocuta), particularly in the Luangwa valley. Wildlife populations in this region have been exposed to disease epizootics historically, primarily anthrax (Anthracis bacillus) (Turnbull et al. 1991) . Nevertheless little information exists from Zambia on gastrointestinal parasites in carnivores beyond an early report from a private ranch in the Chinsali District in the former Northern Rhodesia (LeRoux 1958) and, more recently, a report of Giardia duodenalis in wild dogs (Ash et al. 2010) .
Our objective was to obtain current data on gastrointestinal parasite infections in populations of African lions, spotted hyaenas and African wild dogs in the Luangwa valley, Eastern Zambia. To the best of our knowledge this study is the most comprehensive investigation into gastrointestinal parasite infections in large carnivores for this region and provides baseline information for future studies as well as valuable information on carnivore health.
Samples were collected in South Luangwa National Park (SLNP) and Lupande Game Management Area, which collectively cover approximately 13 775 km 2 (Fig. 1) . The area is a mosaic of edaphic grassland, deciduous riparian forest, mopane (Colophospermum mopane) woodland, scrub woodland, miombo woodland, dry deciduous forest, and undifferentiated woodland ( Astle et al. 1969; White 1983; Astle 1988) . The Luangwa River forms the eastern border for most of the park. A more detailed description can be found in Becker et al. (in press ).
Faecal samples from carnivores were obtained opportunistically from 2009-2011 following observation of defecation or by direct collection during chemical immobilizations for snare removal or radio-collaring as part of ongoing studies of all three species. Carnivores were immobilized with a combination of tiletamine/zolazepan (Zoletil) and medetomidine (Domitor, Zolapene; Koch et al. 2006 ) and reversed with Atipamezole. All immobilization procedures followed animal welfare standards and protocols required by the Department of Veterinary and Livestock Development and the Zambia Wildlife Authority (ZAWA).
Faecal samples were fixed in neutral buffered 10% formalin or dried and refrigerated until shipped. Those faecal samples fixed in 10% formalin were evaluated using both Sheather 's centrifugal flotation and centrifugal sedimentation methods (Zajac & Conboy 2012) . Dried faecal samples were rehydrated in tap water prior to flotation and evaluated by Sheather 's centrifugal flotation methods. Modified McMaster 's technique was used to calculate eggs per gram (EPG) of faeces for 12 formalin-fixed samples with sufficient amounts of faecal material (>1.0 g of faeces) (Zajac & Conboy 2012) . Remaining formalin-fixed samples containing sufficient ova counts after examination by faecal flotation or sedimentation were extrapolated to one gram to obtain theoretical EPG values (data not shown). Adult stages of parasites were not available. Samples only contained parasite ova, oocysts and/or larvae, therefore we were only able to identify most parasites to genus.
We obtained fresh faecal samples from nine hyaenas, 13 lions and seven wild dogs. Dried faecal samples from three lions (one dried faecal sample was from an individual lion from which fresh samples were also obtained) and six wild dogs were also examined (Table 1) . No parasite ova, oocysts or larvae were recovered from two hyaenas and one lion.
Numerous Isospora spp. oocysts were recovered from three hyaenas. Unknown larvated nematode ova were recovered from two hyaenas, and Spirometra sp. and Dipylidium sp. ova were also recovered from two hyaenas. Taeniid ova were observed in one hyaena faecal sample. Isospora spp. oocysts have been reported in previous surveys of spotted hyaenas (Engh et al. 2003) . In their report, oocysts were consistent with Isospora felis or I. leonina, at 35 μm in size. The Isospora spp. oocysts found in the spotted hyaenas in our survey were slightly smaller (25.3 × 19.8-23 μm) or larger (45.1 × 22 μm) than previous findings and may represent two species based on our measurements. The unknown larvated nematode ova recovered from two hyaenas was most likely a spirurid based on size (36.5 × 16.5 ) and the characteristic thick outer shell. Spirurid ova of similar size have been previously reported in spotted hyaenas as consistent with Spirocerca lupi (Engh et al. 2003) and Cylicospirura subequalis (Round 1968) . Spirometra sp. (60.5 × 30.8 μm) and Dipylidium sp. (packet: 104.5 μm; ovum: 39.4 μm) ova were also recovered, both of which have been previously found in spotted hyaenas (Engh et al. 2003; Round 1968) . Overall, Spirometra pretoriensis is the most common species recovered from hyaenas (Müller-Graf 1995) . Additionally, taeniid ova (34.1 μm) were observed in a single hyaena faecal sample. Reported taeniid species in spotted hyaenas include Echinococcus granulosus, Taenia crocutae, T. hyaenae and T. serialis (Round 1968; Nelson et al. 1965) . When examining the lion faecal samples, Spirometra sp. ova were recovered from 13 samples, as well as Taeniid ova, which were recovered from 12 samples. Unknown larvated nematode ova were found in two lion faecal samples and unknown trematode ova were recovered from one lion faecal sample. Larvae of Aelurostrongylus spp. were found in three lion faecal samples. Additionally, Toxocara sp. ova were observed in two lion samples and a single lion sample contained Sarcocystis sp. sporocysts. The most prevalent parasite ova recovered from lions was Spirometra sp., which is a common finding (Round 1968; Müller-Graf 1995; Bjork et al. 2000) and generally thought to be Spirometra theileri. A single report indicated Spirometra okumurai was recovered from the intestine of one of six lions examined in southern Tanzania (Rodgers 1974) . Taeniid cestodes were the second most common parasite found in our surveyed lions. Previous reports of taeniid species in lions suggests these ova could be Taenia regis, T. simba, T. gonyamai, T. taeniaformis, T. hydatigena or Echinococcus granulosus felidis (Nelson et al. 1965; Round 1968; Rodgers 1974; Young 1975; Jooste 1990; Müller-Graf 1995) . The larvated nematode ova, based on size (50.6 × 22 μm) and evidence of a single-folded larva is most likely a Strongyloides species, not previously reported in lions (Fig. 2) .
Unknown trematode ova were also recovered from a single lion faecal sample (Fig. 3) . It is not clear whether this is a spurious finding or true parasite of the lion. Documentation of trematode ova recovered from lion faeces is rare, and the size (74.8 × 49.5 μm) and morphology of the trematode ova found in our survey does not correspond with previously reported findings which include Pharyngostomum cordatum or Paramphistomatidae (Round 1968; Müller-Graf 1995; Bjork et al. 2000) . Both Toxocara cati and T. canis have been previously reported in lions (Round 1968; Müller-Graf 1995; Bjork et al. 2000) but the average size of the Toxocara sp. ova recovered in this survey (76.5 × 58 μm) is consistent with T. cati. Sarcocystis sp. is another commonly reported parasite found in lion faecal samples (Müller-Graf 1995; Bjork et al. 2000) . The Sarcocystis sp. sporocysts in this survey were approximately 12.1 × 7.7 μm in size, corresponding to previous findings. Larvae are often recovered in lion faecal samples, and are most commonly Ollulanus tricuspis or Aelurostrongylus spp. (Round 1968; Müller-Graf 1995; Bjork et al. 2000) . The larval stages recovered from lion faeces sampled in this survey had the characteristic kinky tail of Aelurostrongylus spp., morphologically distinct from O. tricuspis.
Nearly all of the wild dog faecal samples, 12 of 13 (92%), contained Sarcocystis sp. sporocysts. Taeniid ova were recovered from three wild dog samples, followed by Spirometra sp. ova and Isospora sp. oocysts each found in one wild dog faecal sample. The most prevalent parasite observed in the faeces of wild dogs was the sporocysts of Sarcocystis sp., which was also reported in 100% of wild dogs surveyed in South Africa (Flacke et al., 2010) . Taeniid ova (32-36 μm) were also recovered from the wild dog faecal samples. Several taeniid species have been reported in wild dogs, including Echinococcus longimanubris, E. granulosus, E. granulosus lyacontus, Taenia hyaenae, T. brauni, T. lycaontis or T. pisiformis (Round 1968; Jooste 1990) . Spirometra sp. ova was found in a single wild dog faecal sample and is most likely Spirometra pretoriensis based on previous reports from wild dogs in the Congo (Round 1968) . Oocysts of Isospora spp. were also observed in one wild dog faecal sample, a genus recently identified in wild dogs from KwaZulu-Natal, South Africa (Flacke et al. 2010) . Forty-three per cent (16/37) of the animals sampled were co-infected with -2 parasite species. Co-infection with multiple parasites was common in lions with 80% (12/15) of all lions sampled co-infected. Co-infection was less common in hyaenas and wild dogs with 3/9 (33%) of hyaenas and 2/13 (15%) wild dogs co-infected. The most common parasites responsible for co-infection were Spirometra sp. and Taeniida with 27% (10/37) of all animals sampled co-infected with these two organisms.
Our results are consistent with reports from other regions of Africa regarding the prevalence and diversity of parasites recorded for lions, wild dogs and spotted hyaenas. The source of these parasites is likely from ingesting infected prey, although exactly which prey is responsible for individual parasites is unknown. Future research on this topic could provide valuable information on predator-prey dynamics and interspecific parasite transmission. 
